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ABSTRACT 


Peete tcatton O£ the phase lock loop synchronizing circuits 
and of the method of input/output communication used ina 
Synchronized data sampling system, are reported. A device 
known as PACER which used an analog phase lock loop for syn- 
chronization and produced a non linear set of synchronizing 
pulses, was modified to use a CMOS digital phase lock loop, 
resulting in a linear set of pulses. The associated program- 
ming which controlled the data acquisition process and sequencing, 
was changed to use the direct memory access feature of the 
system computer. This enabled data, from high response pressure 
transducers mounted in a turbomachine, to be taken once every 
rotor revolution rather than once every ten revolutions. A 


user's manual for paced data acquisition is included. 
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ee lL RODUCL EON 


The device described herein and referred to as the "PACER" 
is part of a computer controlled data acquisition system in 
use at the Turbopropulsion Laboratory at the U.S. Naval Post- 
mmeeauate School. It is an electronic interface unit built of 
solid state and integrated circuit components. The PACER was 
designed to allow the acquisition of data from high response 
transducers mounted in the case of rotating machines to be 
synchronized with respect to rotor position. Using the PACER, 
Pmaeeanalog to digital conversion of the data from a particular 
transducer can be programmed to occur at any position of the 
rotor with respect to the transducer, independent of rotor 
speed. 

The PACER was first designed and built ina “bread board" 
configuration in 1976 by James C. West as described in Refer- 
ence (1). U.S. patent no. 4,181,962 was issued for the PACER 
On January 1, 1980. The present hardware configuration of 
PACER involves minor but important changes which improve its 
performance and are documented in this report. 

The original PACER made it difficult for the typical user 
to acquire accurate data in a reasonable amount of time for 
the following three reasons: 

(1) The timing pulses generated within PACER were not 


always spaced linearly in time between blade pair 


me 





synchronizing pulses. This resulted in data which 


in some cases was subtly distorted, and in other 
cases appeared to have noise riding on it. 

(2) The range over which the PACER could follow rotor 
RPM changes and remain synchronized was limited to 
PeeEe ence eae owrOr ENC initial RPM at which the 
PACER was set to take the data. This required re- 
peated, and somewhat involved, manual adjustment 
of an RPM "lock-on" procedure to acquire data at 
different speeds. 

(3) The rate at which data could be taken was limited 
below the desired rate. This meant that rather than 
being able to sample data on every revolution of the 
rotor, the system was only capable of taking data 
once every 8 to 10 revolutions, depending on RPM. 

The methods used to improve the performance of the PACER 
fall into two areas, hardware and software. Hardware changes 
were used to improve PACER linearity, eliminate manual lock-on 
procedures, and increase speed-following range. A change in 
acquisition software was used to increase the rate at which 
data could be taken. 

The change in PACER hardware consisted of replacing the 
Original analog 562 phase lock loop with a CMOS digital phase 
lock loop and eliminating the discrete components forming the 
coupling circuit in the PLL feedback path. The change to 


acquisition software involved use of the DMA (direct memory 
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access) feature of RTE-IVB system software [Ref. 2] which is 
incorporated in the I/O driver written for the PACER. 

As a result of the hardware and software changes which 
were made, all of the limitations described above were elim- 
inated. The improvement in PACER performance was verified 
using test programs and rotating machine signal simulation 
circuits which enabled controlled test techniques to be 
employed. 

In the following section of this report a deScription of 
the entire paced data acquisition system is given. Section 
III describes the changes made to PACER hardware and the 
effects of those changes, while Section IV describes the change 
to acquisition software. In Section V the results of the 
changes are verified with a report of the system tests. Sec- 
tion VI lists conclusions and recommendations for further 
system development. Appendix A contains detailed hardware 
Circuit design figures and Appendix B details the software 
programs - both acquisition FORTRAN and system assembly lan- 
guage drivers. Finally Appendix C is a step by step system 


users manual for paced data acquisition. 
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cnet OA ACOULST TION SYSTEM DESCRIPTION 


PweeeaobhNERATL DESCRIPTION 

Components of the system are shown schematically in 
megure | and details of the Circuits, including the modifica- 
tions made in the present work are shown in Figures 2-4. 
The PACER acts as a secondary controller on the interface 
between the Hewlett-Packard HP 21-MX computer and the A/D 
converter. Referring to Fig. 1, ina normal (not paced) 
data taking sequence, the 21MX would call on the A/D converter 
to take an analog data sample, convert it to digital, and 
output it to the computer memory. Since the computer program 
execution cannot be synchronized to the rotation of the machine 
shaft, the data sample would be from a random, unidentified 
Point. 

In a paced data acquisition sequence, the PACER provides 
the timing control to the 21MX computer. After the 21 MX 
computer passes a word (IBLADE) to the PACER defining the 
desired position, the PACER acts as an intermediary. It inter- 
cepts the computer command to the A/D converter, tells the 
computer that the A/D converter is in the process of acquiring 
the data, then sends a command pulse to the A/D converter at 
a time synchronized to the desired position in the cycle of 


the rotation of the machine. 


eS 





the 


mie sequence of events for paced data acquisition using 


software developed in the present work is as follows: 


(1) 


(6) 


The user enters the main program (which was written 
to be used for system testing or for data acquisition). 
The main program prompts the user for information 
regarding the (rotor) position(s) desired at which 

to start taking data points. This information defines 
the integer IBLADE. 

The main program calls the PACER, passes IBLADE to 

the PACER, and receives rotation speed (IRPM) from 

the PACER. Control then returns to the main program. 
The main program calls the A/D converter telling it 

to take a number of data samples (N) (at the desired 
point). When complete, control is returned to the 
Main program. 

If a survey of positions (for example, across a pair 
of blade passages) has been programmed uSing a DO 
loop, the main program repeats steps (2) and (3), 
incrementing IBLADE each time until the loop is 
finished. 

When all data have been taken and stored in the com- 
puter memory, the main program converts the digital 
data (which are binary whole numbers) to decimal 
values scaled appropriately to the + 1.0 volt range 

of the A/D converter. As programmed, it then outputs 
that data to the desired peripheral(s) (i.e. the 


EueiMeer, ple@cter, Or terminal). 
1 





Pee OY STEM SOFTWARE 
The software used in the data acquisition should be viewed 
as consisting of two separate parts, the RTE-IVB operating 
system which is generated in-house following standard pro- 
cedures supplied by Hewlett-Packard, and the system test and 
Operation FORTRAN program which may be modified at any time 
by the user operating in the RTE-IVB system. 
moe StE=lVB Operating System 

The RTE-IVB (Software) Operating System is generated 
(and can be regenerated) by the System Manager in a process 
which "configures" the System for the particular set of (I/0) 
devices which the computer must address [Ref. 3]. RTE-IVB 
permanently resides on disc and is automatically loaded when 
the system is turned on. It consists of a collection of soft- 
ware modules which perform system resource management, operator 
reguests for utility programs (FORTRAN compiler, file editor, 
etc.), and user program scheduling for time sharing [Ref. 4]. 
RTE-IVB is visible to the user through interaction at the 
terminal. It allows multi-programming through its scheduling 
modules so that more than one user's program may be active 
at a time. The input/output (1/0) drivers are a set of 
modules in the RTE-IVB System. They are the software routines 
which control the input and output communication between the 
user's program and addressed peripheral devices. The drivers 
enable efficient use of peripherals which act at different 


speeds by allowing one or more fast I/O requests to be 
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; 


processed while waiting for a request from a slow peripheral 
device to be completed. A driver written for the PACER 
(DVR.70) and a driver written for the A/D converter (DVR.56) 
are part of RTE-IVB and are listed in Appendix B. 
meeorscem Test and Operation Program 

The system test and operation program (A2D) is a 
FORTRAN program written and used in the course of the present 
work. A listing and flow diagram are given in Appendix B. 
Program A2D converts the user's requests, which are entered 
at the terminal, to the parameters required by the RTE-IVB 
I/O drivers. It is an interactive program consisting of two 
parts. The first part, a system test (Subroutine ADTES), is 
entered if the user wants to carry out a test of the paced 
data acquisition system simply to ensure that all components 
are operating correctly. The second part, (Subroutine RPACE), 
is executed if paced data is to be acquired from a test rig. 
Both the "test" and "operation" portions of A2D use the 
FORTRAN statement "CALL EXEC" to enter the appropriate driver. 
The CALL EXEC statement, with its accompanying parameters, 
transfers control from the FORTRAN program to the assembly 
language driver for the device requested. A simplified flow 
Seagram Of the CALL EXEC routine is shown in Figure 5. The 
driver initiates the input or output task as specified in 
the parameters which it received. If the task is for "output", 
after the task is initiated control may return to the calling 


FORTRAN program or another user's program. If the task 
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requires "input", then control may be passed to another pro- 
eam, Ut NOt back to the calling program, since the calling 
program must have an input value to continue executing. fThis 
permits efficient use of the computer's time, which is essen- 
tial for multi-programming, while waiting for a slow peripheral 


device to complete its cycle of operation. 


C. SYSTEM HARDWARE 

The hardware devices used in paced data acquisition are 
the HP-21MX computer with printer, its magnetic disc, plotter, 
and terminal, the HP 5610A A/D converter and the PACER. 

l. Hewlett Packard HP 21 MX Computer 

The HP 21 MX is a (Micro-programmable) mini-computer 
having 128 machine instructions and 32K of logical main frame 
memory. In the present configuration a 20 megabyte capacity 
disc and disc operating system are an integral part of the 
System. A detailed description of the computer is given in 
Reference 2. 

An important feature which is typical of computers of 
this size is the input-output structure. With a limited 
number of relatively slow I/O devices to be serviced, the 
computer can communicate with all devices through a single 
port known as the I/O bus. Each device requires its own 
I/O interface on the bus. The interface acts as a filter and 
ensures that output information is received only by the device 


designated to receive it and that input information is put 


ed, 





on the bus from only one device at a time. The I/O software 
drivers control the I/O hardware interfaces by commands to 
meer turn-on" or “turn-off". 
2. Hewlett Packard HP 5610A A/D Converter 

The HP 5610A analog-to-digital converter accepts 
analog data input on up to sixteen different channels and 
under computer controlled multiplexing converts to a10O bit 
binary data output. With an input conversion aperture of 
50 nanoseconds, rapidly changing signals (100 KHz) can be 
converted accurately. The HP 5610A can operate in one of 
Six modes as described in Reference 5. Currently the paced 
data acquisition system uses the "random access mode" in 
which a specific channel is sampled on receipt of a command 
word and an encode command pulse from the 21 MX computer. 
The command word tells the A/D converter which mode of opera- 
tion to use and which channel number to sample. The encode 
command pulse triggers the data conversion to start 2 usec 
later. The data conversion itself is finished in a total 
time of 10 usec. Using computer-issued encodes, which is 
the mode required for paced data, the sample cycle time is 
20 usec. Hence data can be converted at rates of up to 
50,000 samples per seconds, depending on how rapidly each 
successive command word is received. 

The other mode which is used only for non-paced data 
is the Free Run, Random Access mode. In this mode the com- 


mand word is required as before, but no encode command is 
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Geeececa from the computer. The A/D converter simply converts 
data as fast as it can (100,000 samples per second) on the 
Memected Channel. This mode is not addressed further in this 
favor t . 
3. PACER 

A schematic of the PACER is shown in Figure 2. In 
its original form, a detailed description of the internal 
Operation 1S given in Ref. 1. The PACER consists of two 
major sections, an "RPM counting section" and a "synchronized 
command pulse section". The "RPM counting section" contin- 
uously counts the number of 250 KHz time base pulses that 
occur between the once-per-revolution pulses received from 
the test rig. This number of counts is available as an out- 
put (IRPM) from the PACER on every revolution cycle. 

The "synchronized command pulse" section is the heart 
of the PACER. It uses a phase lock loop to generate 256 
pulses within each pair of blade passages (i.e. 128 pulses 
from blade #1 to blade #2 and 128 pulses from blade #2 to 
blade #3). At the same time, these pulses are counted and 
compared with the programmed data conversion location speci- 
fied in IBLADE. When the comparison 1s true, a command to 
the A/D converter (A/D Device Command) is generated. Thus 
a command to convert a data sample is synchronized with a 


desired position of the rotation rotor in the machine. 
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III. CHANGES TO PACER HARDWARE 


In order to determine the cause of the non-linearity in 
the PACER, a test chassis was built to provide easy access 
Meetm@e Cour circuit boards and to allow modifications to 
be attempted without interference to the working unit. The 
test chassis is shown in Figure 6. It is electrically iden- 
tical to the system PACER shown in Figure 7 and uses the 
same four circuit boards. Using the test PACER with an 
oscilloscope it was possible to examine the wave forms, at 
pay POInt in the PACER circuit. In so doing, it was found 
that even with the lock-on procedure recommended in Reference 
i, the output pulses from the PLL (256°Fo/2) were not always 
linearly spaced between the beginning and end of the input 
pulses (Fo/2). This non-linearity is seen in the oscillo- 
scope traces shown in Figure 8, which shows the signal at 
counter Bl. At counter Bl the pulse frequency is 1/32 of 
the output frequency of the PLL which allows the non-linearity 
to be obvious to the eye. It was further noted that a devi- 
ation of as little as 3° from the ideal 270° phase relation 
called for in Reference 1, caused non-linear spacing and 
excessive unsteadiness ('jitter') of the pulses into counter 
Bl. These problems were inherent in the 562N PLL when used 
with digital waveforms because an analog phase comparator 


Mes used in that particular circuit [Ref. 6]. 
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A CD4046 (CMOS) PLL was therefore chosen to replace the 
562N. The CD4046 uses a digital phase comparator to main- 
tain lock [Ref. 7] and is specifically designed to operate 
with digital waveform inputs as are found in the PACER appli- 
cation. It also permits, with proper associated component 
design, operation over an extremely wide frequency range 
(by so-called frequency tracking) without loosing lock. 

The changes which were made in the PLL and associated 
Circuitry are shown in Figure 3. Both the PLL and the dis- 
crete component coupling circuits were changed. The replace- 
femeeot the Old coupling circuits with CMOS-to-TTL (4050B 
Buffer) and TTL-to-CMOS (7417 Drivers with pull-up resistors) 
matching devices was necessary because of the special require- 
ments of the CMOS PLL with regard to interfacing [Ref. 7]. 
The detailed circuitry of the CD4046 (CMOS) PLL 1s shown in 
Figure 4. Specific details of the components are given in 


Appendix A. 
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IV. CHANGE TO ACQUISITION SOFTWARE 


A. METHODS OF INPUT/OUTPUT 

The two methods available under RTE-IVB for input and 
output are the "standard" method and Direct Memory Access 
(DMA). In both methods the software driver controls the 
initiation and completion of the I/O request. Figure 9 is 
a schematic representation of the hardware and software 
involved in an I/O request in the paced data acgquisiton 
process. The standard I/O method requires that the software 
driver be entered for each data sample taken. In contrast, 
the DMA I/O method uses the "dual channel port controller" 
option of the 21 MX computer to bypass the requirement to 
return to the driver for each new data sample [Ref. 2]. Thus 
by using DMA, the time involved in executing the software 


driver for each sample is saved. 


B. INCORPORATION OF DMA 

The system software was changed so that DMA was used for 
the A/D I/O process. The DCPC option was added to the system 
in 1977. The driver DVR56 was subsequently modified by 
Hewlett Packard to permit DMA for I/O operation with the A/D 
converter. The use of the DMA feature required only that 
the proper parameters be specified in the CALL EXEC state- 


ment for the A/D converter. Table I lists the parameters, 


eZ 





with their meanings, for the CALL EXEC statements used to 
call the A/D converter and the PACER through the drivers 
DVR56 and DVR70O respectively. The parameter "N", which is 
passed in the call to driver DVR56, sets up the DMA option 
in the 21 MX I/O interface logic through the Dual Channel 
Port Controller (DCPC). The program A2D was written so as 
to use the DMA feature. A flow chart, listings, and param- 
eters used in program A2D and the drivers DVR56 and DVR70 


are given in Appendix B. 


Zs 





Woe sues BRS 


Tests were run to verify the linearity of the new CMOS 
PLL circuitry, to demonstrate the automatic lock on feature, 
and to determine the speed at which data was acquired. The 
tests were run using the test pulse generation circuit on 
Semeeutt board #4 of the PACER. This circuit provides an 
electronically produced simulation of the 1/Rev and 1/Blade 
pulses that would ordinarily be received from the test rig. 
The test set up for the tests is shown in Figure 10. An 
external signal generator was used to provide the driving 
Signal to the pulse generating circuit at the desired blade 
passing frequency. Appendix C gives detailed procedures for 


performing a Simulation test run. 


Pee LINEARITY TEST 

Figure 8 shows a comparison of PLL output pulses from 
the 562N PLL and the new CMOS digital PLL circuits. It can 
be seen that the new circuitry produces symmetric and evenly 
spaced pulses while the old PLL circuit does not. 

A linear ramp test signal was input to the A/D converter 
On analog channel 0. The PACER test portion of program A2D 
was run calling for a survey across the simulated blade pair. 
The test was repeated for the old and new PLL circuits. 


Figures 11 and 12 show the output results from the PACER 
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using the old and new PLL circuits respectively. The appar- 
ent “bending” of the ramp test signal when seen as the graphed 
output from the old PLL method is due to the inherent non- 
Mem@eemity Of the 562N PLL. The strict linearity of the CMOS 


Geemteal PLL circuit was noted. 


Pee lO LOCK-ON TEST 

The new CMOS digital PLL requires no lock-on procedures 
memata the 562N PLL (Ref. 1]. Tests were run to confirm that 
while varying the blade passing frequency, the new PLL remained 
in a locked-on condition. It was shown that within the design 
range of the PLL circuitry, any variation of blade passing 
Frequency (RPM) was followed without error by the digital 
phase lock loop. Two separate PLL circuits were Bee ie), 
each one covering a range of blade passing frequencies. One 
Pemecircuit now covers the range from 250 Hz to 2.5 KHz. The 
other covers the higher range from 3 KHz to 11.1 KHz. The 


reasons for this division are explained in Appendix A. 


Sree eol OF ACOUISITION TIME 

Using the software methods used in Reference 1, a short 
test program calling for a specified number of data samples 
to be taken, was run. Clock time accurate to .1 millisec was 
recorded by the program just before the first sample and just 
after the last sample of data was acguired. The lapsed time 
Serethe total acquisition was output. It was shown that up 
to 10 revolutions of the machine rotor where required for 


each data sample to be taken. 
ZS 





After changing to the DMA software method described in 
section IV, similar tests were run. The results of these 
tests are shown in Table II. It was noted that the interval 
between samples was reduced to less than one revolution of 


the machine rotor. 


26 





VI. CONCLUSIONS AND RECOMMENDATIONS 


The desired improvements in the paced data acquisition 

system were achieved; namely, 

(1) The speed of acquisition of successive data samples 
was increased to enable data to be sampled on every 
revolution. 

(2) The correlation between the position recorded for a 
paced data sample and the physical position of the 
probe with respect to the rotor at acquisition, was 
Significantly improved through an improvement in the 
linearity and stability of the PLL and associated 
Gireuitry. 

(3) The manual adjustments previously required for each 
small range of RPM were entirely eliminated by the 
reported hardware modifications. 

With the present hardware and software the PACER operates 

as fast as is possible given the constraint that the 21 MX 
computer operates always in the interrupt mode for all I/0 
Operations. If the need arises to survey across a blade pair 
On one resolution and the computer can be dedicated to the 
Single task of acquiring paced data, then the non-interrupt 
mode of 21 MX I/O processing could be used. This change 
would eliminate other users during the paced data program 


operation. It would require that the drivers DVR56 and DVR/0 





to be rewritten in assembly language and loaded into the 
RTE-IVB operating system by the system manager. It 1s noted 
however that the maximum data rate of 100,000 samples per 


sec cannot be exceeded using the present A/D converter. 
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Table I. CALL EXEC Parameters 


To call the PACER (DVR70) 


CA, eee ly LU, IRPM, LEN, IBLADE) 


Parameter Meaning Limits/Value 
iL 1 A®. iL 
LU device reference number ike, 
IRPM RPM timing counts returned N/A 
LEN number IRPM of words passed Oia 
IBLADE data position indicator U=35,534 


To clear the PACER 


Caine ec a5 ,, LU) 


Parameter Meaning Limits/Value 
3 clear the device 3 
EU as above 19 


To call the A/D (DVR56) 


elnino, EDR, ELBUP, N, ECHAN, ICODE) 


Parameter Meaning Limits/Value 
i I/O it 
PRT device reference number 20 
mE ULE data storage array name dimension 256 
N number of samples LORS, 
ICHAN input channel number O-15 
mEODE mode of A/D operation 0-7 


2S 





Table II. Data Acquisition Times 








Run Number Samples RPM Time Time/Rev Time/Sample 
Before DMA 

i 100 ej 010 onl S008 >a Sec’. -0161 sec. 

2 100 17,400 ao 0 OOe 2." nO AG : 

3 20 77200 Aol .008 yO 5 : 

4 20 8,000 ~45 >; 00m Sean. -0225 % 

5 S010 30,000 ogo 7002 ‘ ~019 0 

6 500 AS) SHOVE S350 e002 : -019 . 
After DMA 

1 100 51.1. 0.0 ood 00397 .00398 

2 100 70 0:0 -400 .004 -004 

5 100 60100 7350 . 00:75 20075 

4 100 507 0.010 AOC SOO 510102 





Table III.Components Used in PACER 


COMPONENT SCHEMATIC NUMBER VoauUE ORS YPE NO. 
llalelel Jetocustel Low Board 

R1 10 K eee Ae, 

Resistors R2 100 K2 100 KQ 
R3 MG 1 MQ 
R4 39 K 47 K 
R5 Lak pee < 
R6 ioe KS) U2 Ke 
R7 10 K 12 Ke 

Capacitors Cl > Omed AOC ILS wie 
CZ Rise aloe Ie ake 

Counter iL tegversl js Ibe 74193 

Bacch ee tems 6 7A7 5 

Comparator ea eeu C4 9324 

AND Gate Geeta U5 7408 

Inverter Ie 1D es ae 7404 

Buffer Iie solqhe bia des N4050B 

Driver PL weve 2A! 7417N 

Phase Lock Loop PLL CD4046 
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PACER Front Panel 


Figure 7. 
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APPENDIX A 
HARDWARE DESIGN DETAILS 


A.l1 INTRODUCTION 

The PLL circuit is shown in detail in Pagucecd.- A list- 
ing of component values is found in Table III. 

Two separate PLL circuits were designed and incorporated 
into the hardware; one foreach of two frequency ranges. This 
was done in order to cover a very large total frequency range 
while maintaining fast response to changes in frequency [Ref. 7]. 
In the following sections the design procedure which was fol- 


lowed 1s documented. 


A.2 DIGITAL PHASE LOCK LOOP (CMOS) DESIGN 

The CD4046 digital PLL requires four areas of external 

design [Ref. 7]. 

(1) Selecting the timing capacitor Cy which determines 
the center of the operating frequency range. 

(2) Selecting the values of Ro anemnatle Or Ry to Ro 
which determine the upper and lower bounds of the 
lock range. 

(3) Selecting the ratios of R, to Rar R, to Co, and 
their values, which contribute to determine the 


damping ratio and settling time of the second order 


feedback loop. 
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(4) Interfacing the CMOS integrated circuit design 
with the TTL integrated circuits already in the 
PACER. 


These areas are detailed in the following sections. 


Pee Liming Capacitor 


In the following discussion, figures and pages are 
quoted with respect to Reference 8, the main source for 
design information. To begin the design a value of R2 was 
chosen within the limits listed on page 228 of Ref. 8. The 
value of Cl was approximated using figure 5(b) of Ref. 8. 
The value was then readjusted after testing to compensate 
for the effects of the following component values. 
eee R1L/R2 

The chosen frequency range (fmax/fmin) was used to 
enter figure (c) of Ref. 8. The ratio R1/R2 was obtained 
from the data in that figure using the design value of the 
Supply voltage to the PLL. Knowing the ratio R1/R2 and the 
value of R2 selected in section A.2.1, the value of Rl was 
obtained. 
fee) «ORS /R4/C2 

The design of the loop low-pass filter was a trial and 
error iterative process because of effects from the counting 
Seeecurts Bl and B2 present in the loop [Ref. 7]. The RC 
time constant of R3 and C2 determined the settling time of 
the loop while the ratio of R3 to R4 determined the damping 
evel O. 
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The nominal values found in Reference 7 were used initially 
and then these were adjusted to obtain what was considered 
to be the best loop response to changes in the input frequen- 
cy. Loop response time was found by putting small but rapid 
perturbations on the test frequency, then noting the time to 
regain phase lock-on. By balancing the response time (required 
to be as fast as possible) against the settling time resulting 
from the loop damping ratio (at a minimum to maintain stability) 
across the frequency range, a satisfactory overall loop response 
was attained. 
A.2.4 Interfacing 

Due to the extremely high input and output impedances 
of CMOS integrated circuits, an interfacing buffer was needed 
between the CMOS PLL output from pin 3 and the TTL counter 
(Bl) input to pin 5 (Fig. 2). Also, interface drivers were 
needed between the outputs of TLL counters B10 and B2 and tne 
inputs to the CMOS PLL at pins 14 and 3, respectively. 

The buffer between PLL pin 4 and counter Bl pin 5 
Simply required wiring one of the unused buffers which were 
part of the N4050B Hex buffer chip already in the PACER. 
Since the N4050B used a +5 VDC supply, the required transition 
from PLL +15V logic level to the counter +5v logic level was 
made. 

Pm@endecetoltceansition From the TTL (+5v) logic level 
of counters B10 and B2 outputs to the required PLL input 


fevels (greater than +7v for logic 1), two 7417N TTL drivers 
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were used with 12 K2 "pull up" resistors on their outputs. 
This gave a high logic level of +15v and a low state current 
drain on the drivers of only 1.25 ma each, well within their 


Pameeout Capability [Ref. 9]. 
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APEENDIX 5 
SOFTWARE DETAILS 


This Appendix contains the following materials: 
ACQUISITION FORTRAN PROGRAM A2D [Ref. 10] 

Pee. Program AZD Flow Chart 

Beale 2 Program A2D Listing 


B.1.3 Program A2D Parameter Listing 


SOFTWARE DRIVERS [Ref. 11, See Note 1} 
meee lt Flow Chart 
B.2.2 Pacer Driver DVR 70 


eez.3 A/D Driver DVR 56 


Notes on Software Drivers 


ie 


Meeyright: The drivers DVR 70 and DVR 56 are copyrighted 
by the Hewlett-Packard Company, 1978. Approval for repro- 
duction granted by Hewlett-Packard 22 May, 1981. 

The driver flow chart in B.2.1 is a simplified diagram 
which shows the basic process for a typical driver. DVR 
70 contains a series of steps which pass IBLADE (output) 
and a section which receives IRPM (inputs). The initiator 
section first outputs IBLADE to the PACER. After that, 
Pemtrol Is returned to the Central Interrupt Controller 

to await the PACER interrupt Signal indicating it has 

IRPM ready to output. When the interrupt occurs, the 


completion section of DVR 70 is entered and IRPM is passed. 
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Bok 56, On the other hand, has only the input function 


to complete. It accomplishes this task as the standard 


driver indicated in the flow chart B.2.1. The beginning of 


DVR 56 configures the DMA feature of the RTE-IVB [Ref. 2]. 


B.1 ACQUISITION FORTRAN PROGRAM A2D 


(See following pages). 
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Belsil Program A2ZD Flowchart 
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Program A2D Listing 
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B.1.3 Program A2D Parameter Listing 


CHANL/ ICHAN 


AVERG/IAVG 


SURVEY/ISURV 
MODE/IMODE 
PAIR/IPAIR 
POSI/IPOSIT 


Gr@eert/IOFFS 


IRPM 
IBLADE 


EEUrE 


N2 

RBUFF 
PTDATA/DATA 
SRVPT 


IGCB 


The A/D analog input channel to be sampled. 


The number of samples per position to be 
averaged. 


Survey/single position selection 
Paced/free run-normally l 

The pair of passages selected 

The position within the pair of passages 
To start the survey later than position #1 
within the pair passages. Entered as 3% of 
2 DiGi. 

see Table I 

See Table I 


The name of the set of digital data 
storage locations 


Test number that date 

Floating point data storage 

The data value at the selected point 
The array holding the data surveyed 


Gruapmtes  eC@ntro! DLOCK, graphics package 
usage nonaccessible. 
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AAA 
AYA 
ARAS 
AAD wa 
AHAS + 
AQCHAS 
AAAT & 
AGT 8 + 
AYAQs 
ALL A*e 
BOY i+ 
AAVQ~e 
AAI 3 
ANTS 
AQIS+ 
AATK + 
APAI7 « 
as + 
AQIGe 
AP 
APA 
AAAD 
ARIAS 
MAM’ 
AUIS 
AAI 
AAP? 
ANIWA 
AGAY 
AAAwe 
AOR es 
AQRS « 
ARS 
NALS 
ABAS 
AARH 
ABT 
AYWUNR 
AAAS 
AWUAA 
ADA 
AK ADs 
AAAS-* 
AWB4Se 
AAAS 
AAAE 
AnA7 
AQRdK 
AAAY 
ANA w 
ADS{i+« 
AVS? 
AASS 
ank4 
AAKS 


AAAS? HAY 


AATBAA 


Pewee Pacer Driver DVR 70 


el oe a eo 


NASD Ve 2A NPGS RPACE RTE DRIVER SEV. 729724 


A235 AM 


Para eC AIG 4978 


JO 


FNT Neer 7 sg XX 6: Lie X X 


PovigurorR Naval POSTGRANUATE SEHOOL MOTEREY CA, 


AUTHOR: 


ve Oe R TS 


NMEFLY SANTA CLARA 


428-996 =9AGA 


THYTS PTE OPIVEP WIL O'TPUT A RLAOF NUMBER TO 
THE PACED ANT PETUPN THE RPM VALUE, 


CALLING SEQUFNCES 


Gable eYEr(',LULTSPM,LEN, ITBLANE) 
INT YT NIIMRER OF PACER 


RA 


fA CA TCIIN 
EAS TY § 
PE AWD 
RAAAY 
AG Ate 
AWVANS 
AARAR 
Arr, 
AAALA 
Ona? ft 


rHFOX 


CARL? 
mye S 
(AML A 
apays 
AADTA 
Peo 17 
Agron 
ANA? I 
AQGADD 


PONACESS READ REQUEST 


ALTaANDs 
NVAMDA 
AANDSs 
PAAR 
AIAD? 


f—ETUP 
AAG IA 


mang 
MARZ? 


AANRRAL 
MYL ROR SA 
{KIBRS 
Oe 21 nor 
7591060 
ADREIASQ 
Sse o = 
ADRYIAR 
AhOLAER 
I{PRGRAHR 


- 


LU 
TSP 
wer 
TALADE 


Sere Cits 7ul) 


T,7Aa 


wer oRIC AL 
s RETUONFQ RPM VALITE FROM PaAfER 


a 


(NORMAL), 


>>>>> NORMAL TNPUT (RFE AN) 


= A (NMP «© IMMFD, COMPLETION) 


= PATER RLADF NUMBFR (16 BIT INTECF) 


>>>>> CLEAR CANTROL OM 


NOP 
ISA 
LOA 
ANDO 
CPA 

IMP 
CPA 
IMe 
LDA 
IMP 


EMR CLFAP CONTF Ot. 


1E1BRS 
OYAPI EO 
AAA? 
AO6aI19 
1AA7AN 
fio Zh OS 
PRADA I 
2691979 
{2AWAYWR 


161687 
AWIRW?2 
MAFRAQ 
AAR AAA 
PARAIZ9 


CONTINUATOR TO RETURN 


CMTIRL 


hee 


RTON 


a ane 16 


A, et 


PHAYAAP NLXZ 


ATAATSR 
ROAP ABR 


LOA 
ANN 
SZA 
JMP 
Ee 
LOA 
RSS 
LOA 
IMP 


LOA 
SZA 
JMP 
CLR 


JMP 


se ae 


FOQT6,]1 


ANN 


EGT6,1! 


R370Aa 
sola M8 g 
Sc 
R4 


RQ 


T. 7 Coe 


FATS, 


Dat 


PTON 


LOA Po 


ST4 


C.70 


IMP Nya 


PACER 


FNTER YNTTTATION SFCTION 
CONFTGURSE Y/N INSTPULTIONS 
BEY FONTROL WORD 
TSNLATE REQUEST TYPE 
INPUT? 
YES = OQOYT 
CONTROL? 
Yooe= DO 
Ast T.F. WRITE TM NEVIfCE NOT ILLEGAL 
FREOR PETURN TN ToOCt 


NO SHBFUNTION BITS SFT 


GET CONTROL WORD 

TSSLATE SUBFIUINECTTON RITS 

ANY SET? 

Caeoeoe Jee eas tebe eat CON TS OL 
NM, CLEAR DEVICF ANA RETUPN 
IMMENTATE COMPLETION As4 

SKTP LOAD OF ERPOR COME Az2 (AAN CONTRO 
Pere ERR Uae n © 

SEU Ne Tear OG 


PENUFST 


GREY RUFFFR LENGTH 
CHECK TF = @ 
NN, NORMAL PROCESS (1 WORD WILL BE TNPL 
YES, Bea (TRANSMYSSION LOG) 
RFTURN TO [n¢ 


THTS SScT Tin 


AOJUST ANOQPESS 
STUFF INTO CONTINUATOR RETURN 
FNTE® CONTINUATOR SECTION 
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AASow 
AY 5S7 » 
AWR Bw 
AYSY 
AAR 
AAR » 
APAQe 
ARPA S«e 
AAS 
AYWKS 
AAR’ 
AGRI 
Anka 
AWAY 
AA 7 C) 
AT Y 
An72 
APT 3" 
AV7 Ae 
BATS «© 
AW? 6 
AV77 
AUTR 
AA7TQ 
AWA 
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APARSe 
VWirRd +e 
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AARE 
agnaz 
AAQAR 
ABRG 
AAG 
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AQ? 
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NAQA w 
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Anas 
AAQ7 
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AYCw 
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ALAG 
ae 7 
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NORMAL. 
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Sri Qf 
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UZ t/7 74 
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C.78 OP 
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ANT 
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Imp 
STA 
197 
JmMPp 


1.70, { 


se GrlON 


SETIO 
BQ ty L 
MASK 


ra 

12) eins 
G.79 
(7 ea 


@:35 AM 


Reeds VAllG 6 197 8 


A=? (ALL IS WELL) 
RETURN TO T0C 


FNTE® CONT, 
COMFIGURE 79 
CHECK FOR SPURTONS INTFREUPT 
ISALATE I/O REQUFST LIST POINTFR 
1S A RFQUEST IN PROGRESS? 
vas ole lela) 364, 
NO, ZERO TIME=OUT CLOCK - 
AQJUST RFTURN TO P42 (CONTINUATION) 
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SB giny 


sc 
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oG 
Gy AG 


INSTPEUCTIONS 
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ie 
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JiaP 
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hart 
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poe 
RA4AAN 
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“e<<<< PERUG FNTRY POINT >>>>> 

MUU GE yeh Was viele 

TIN OM NEVIE | 
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RETIJIQN TM Cle 


GET RPM FROM PACER 
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APPENDIX C 
PACED DATA ACQUISITION 


USERS MANUAL 
The two sections of this Appendix describe the use of 
program A2D for both (C.1) System Verification and (C.2) Test 


Data Acquisition. 


Gees rolkhM VERIFICATION 
In order to verify the complete paced data acquisition 
system (software and hardware), the following steps should 
be followed using the equipment shown in Fig. C.1l. 
fee §=Procedure 
A WaveTek 142 signal generator or equivalent should 
be used to drive the test pulse feature of the PACER. 
(1) Connect the "sync" output of the signal generator 
womene syne inobut on the PAGER panel (Fig. 7). 
(2) Connect the 50 2 output of the WaveTek to the 
A/D analog channel to be tested (normally 0) and 
to the oscilloscope. 
(2) Turn on the A/D converter. 
(4) Set the WaveTek panel switches to produce a ramp 
voltage of 1 volt maximum peak amplitude from the 
NO eOUe OLUe . 
(5) On the PACER front panel connect the jack marked 


"BL" INPUT to the jack marked "BL" OUTPUT. Do 
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(6) 


(10) 


the same for the jacks marked "REV" INPUT and 
REVERE OU LD OT. 

Make sure "PACER ON" switches are in the "ON" 
position. 

Ensure that the Card #3 with the frequency range 
encompassing the blade passing frequency set on 
the WaveTek generator is installed in the PACER. 
If necessary remove the front panel air vent and 
replace Card #3 with the proper range card. Card 
#3 is shown in Figure 7. 

Turn on the PACER power switch and verify that 

the red pilot lamp is lit on the front panel. 

Log on the 21MX computer following the directions 
in the TPL Data Acquisition Manual. 

Once logged on, mount cartridge 28. Turn on the 
plotter and select the desired pen. Call up the 
Acquisition (Fortran) Program A2D with the command 
RP, A2D. Run the program with the command RU, A2D. 
The interactive program will prompt the user for 
responses. The responses are explained in the 
prompts which are given at the terminal. The 
prompts are as follows: 

(a) System test or data run: enter @Q, 


(bo) Simulated blade pair to survey: enter any 
number 1-8. 


(c) Is test set-up ready: if yes-enter 1, if no- 
enter @. 
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PECCVTPEOMpE (©) 1S answered yes, and if the test 
is successful, the plotter will plot the same 

ramp Signal that was set on the oscilloscope in 
C.1.1 step 4 (Fig. 12). The linearity and smooth- 
ness of the ramp signal indicate the degree to 
which data acquired under pacer control agree 


with the analog data input to the A/D converter. 


See rbot DATA ACQUISITION 


In order to acquire paced data from the compressor (or other) 


feo rig, 


the following steps should be followed with the 


equipment shown in Fig. C.l. 


C.2.1 Procedure 


(1) 


(2) 


Cables to the PACER from the optical timing wheel 
on the test machine should be connected as shown 
field e122) VerLliv themtransaucer Input connec 
tions to the A/D converter at the A/D junction 
box. 

Turn on the A/D converter. Turn on the signal 
conditioner. 

Log on the 21MX computer following directions in 
the TPL Data Acquisition User's Manual. Call 

the Acquisition (Fortran) Program AZD by using 
the command RP, A2D. Then run the program by 
issuing the command RU, A2D. 

The interactive program will prompt the user 


for the following: 








(a) System Test or Data Run: enter 1. 
(b) Test number - enter integer. 


(c) Do you wish prompting: Yes - enter l, 
no - enter @. 


From this point on, the program prompts are 
self-explanatory. 
(5) At the completion of the data acquisition, the 
data values are printed out as shown in Table C-I. 
(6) The final prompt will ask if another run is 


desired. 


@eze2 Data Storage 


The survey data acquired in the program A2D is contained 
in the data memory locations SRUPT (J) where J = 1 - 256. The 
program A2D may be modified to output the data as desired by 


the user or to pass the data to a user-written subroutine for 


analysis. 


64 





Paced Data Output from Program A2D 


Table C-l. 
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TRANSDUCER 
OUTPUT CABLES 
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Figure C2. Cable Connections for Test Data Acquisition 
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